Improving the catalytic efficiency of Bacillus pumilus CotA-laccase by site-directed mutagenesis.
Bacterial laccases are potential enzymes for biotechnological applications because of their remarkable advantages, such as broad substrate spectrum, various reactions, high thermostability, wide pH range, and resistance to strongly alkaline environments. However, the use of bacterial laccases for industrialized applications is limited because of their low expression level and catalytic efficiency. In this study, CotA, a bacterial laccase from Bacillus pumilus, was engineered through presumptive reasoning and rational design approaches to overcome low catalytic efficiency and thermostability. L386W/G417L, a CotA double-mutant, was constructed through site-directed mutagenesis. The catalytic efficiency of L386W/G417L was 4.3 fold higher than that of wild-type CotA-laccase, but the thermostability of the former was decreased than that of the latter and other mutants. The half-life (t 1/2) of wild-type and G417L were 1.14 and 1.47 h, but the half-life of L386W/G417L was only 0.37 h when incubating the enzyme at 80 °C. Considering the high catalytic efficiency of L386W/G417L, we constructed L386W/G417L/G57F, another mutant, to improve thermostability. Results showed that the half-life of L386W/G417L/G57F was 0.54 h when incubating the enzyme at 90 °C for 2 h with about 34% residual activity, but the residual activity of L386W/G417L was less than 40% when incubating the enzyme at 90 °C for 5 min. L386W/G417L was more efficient in decolorizing various industrial dyes at pH 10 than other mutants. L386W/G417L/G57F also exhibited an efficient decolorization ability. L386W/G417L/G57F is appropriate for biotechnological applications because of its high activity and thermostability in decolorizing industrial dyes. CotA-laccase may be further subjected to molecular modification and be used as an enhancer to improve decolorization efficiency for the physical and chemical treatment of dye wastewater.